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(54) A method of aircraft maintenance 

(57) A method of aircraft maintenance including the 
steps of analysing predicted and empirical reliability da- 
ta for an aircraft and components under consideration 



and analysing usage data of the aircraft and combining 
the said analysed data with analysed data from other 
aircraft in the fleet in order to predict the stocl< levels of 
the components to be held. 
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Description 

[0001] The invention relates to an aircraft mainte- 
nance system dealing with maintenance management 
across the fleet. The first unit of the package to be de- 
veloped has been for material management that is re- 
placeable items/spares. It is intended to use the method 
of the invention to bid for maintenance type contracts 
from different airlines. The package allows them to put 
together bids for different airline fleets for different part 
numbers of spares, approximately 1000 per contract 
and then present a price to a potential customer. They 
can then come up with a new price If any of the variables 
change e.g. different spares and number of aircraft, 
length of contract within 15 minutes. The oid method of 
doing this using manual calculations would take approx- 
imately 8 days to come up with a new figure and would 
not be based on an entirely new calculation but would 
be edited from the original quote because of the time 
constraint and that would not be as accurate. The new 
computerised method allows them to start from scratch 
again and still come up with the quote within 1 5 minutes 
or thereabouts. The new system also looks at each air- 
craft in the fleet individually and thus comes back with 
a more accurate quote i.e. it looks at the number of each 
part number fitted to a fleet, the age of each aircraft so 
when the part is likely to need replacing. It doesn't con- 
sider a standard fleet and all aircraft the same as the old 
system did. It also considers the true age of components 
in the individual aircraft rather than an arbitrary figure 
as the old system did to the whole fleet. 
[0002] On amving at this quote the package looks at 
all streams of reliability data for the parts in question, be 
this from their airline itself or manufacturer etc. Stores 
of individual parts to be held are then calculated and the 
system can differentiate between high risk items such 
as items that cause AOG situations, items that are pe- 
culiarto type and thus hard to get hold of and other items 
that can come from a central pool. Ali sources ot poten- 
tial Items are also considered, including from a central 
pool, loan from another ai Nine or from the manufacturer. 
The frequency and year of purchase of each individual 
item Is also considered over the life of a contract. This 
will take into account such things as hard lives, shelf 
lives etc as well as the likelihood of failure in any given 
year. Other units of the method of the invention package 
which have been considered for development at a later 
stage include heavy maintenance and engine mainte- 
nance, (here the main variable will be log cards instead 
of component part numbers); aircraft line maintenance 
and training etc. 

[0003] Ali variables are inputted from screen such as 
the aircraft number, age of aircraft, number of flying 
hours expected to fly In anyone given year etc. Although 
at present the method of the invention is envisaged as 
a bid tool It could be used by any individual engineering/ 
airilne company to streamline their aircraft maintenance 
operations. 
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[0004] The Invention Is a system, exemplified in a 
computer model, originally developed in Microsoft Ex- 
cel, which is used to calculate the cost of providing ro- 
table material for operators of aircraft. The model is used 

5 as a tool to instantly provide a proposal to the customer 
based on the specific parameters selected. The model 
is driven by data readily available from the aircraft op- 
erators, suppliers and the OEMs, but which has never 
been incorporated in one model. The outputs from the 

10 model include recommended stock purchasing levels 
and dates, a full and detailed financial analysis including 
cash flow and profit and loss and a quote including de- 
tails of part numbers covered. The method of the Inven- 
tion also Identifies potential targets for strategic aillanc- 

'5 es and evaluates the contribution that these alliances 
would make to the appeal of a bid proposal. 
[0005] Specifically, The method of the invention is a 
cost modelling tool that detemnines, from component 
level, the expected cost of providing a material support 

20 service to an airilne operator Potential customers pro- 
vide a list of components to be included in the contract, 
which is cross-referenced with a database and subse- 
quently provides the model with all the relevant informa- 
tion regarding those components 

25 [0006] Predicted and empirical reliability data is uti- 
lised along with infomiation provided by the operator to 
determine the number of times each component Is ex- 
pected to need repairing. The total cost of these repairs 
Is then detemnined from repair cost estimates and the 

30 probability of occurrence for each type of repair. 

[0007^ The cost of providing an advance exchange 
spare parts service, from a central, shared, pool, during 
the repair periods is also calculated from statistical eval- 
uation of the stock levels required to support the con- 

35 tract. The level of spares stock provisioning is deter- 
mined from an analysis of reliability data to ascertain 
which parts are expected to fail during the contract and 
the confidence with which demand for spares will be met 
for any given stock level. The stock-purchasing sched- 

40 ule is then detemriined from consideration of component 
ages and expected failure dates. 
[0008] The model also allows for a level of consign- 
ment stock holding which Is dedicated to the customer 
and held by them at their central hub. 

45 [0009] The costs of setting up the infrastructure to 
support the contract along with the logistics costs (of 
. storage and transportation), the cost of administering, 
managing and financing the contract are also accounted 
for by the model. 

50 [001 0] The cost of providing the material support serv- 
ice is then detemnined from analysis of the cost break- 
down described above before a quote is supplied to the 
customer. This quote can be made on either a fixed price 
per occun'ence basis, for repair and overhaul, or as a 

S5 cost per flying hour. 
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Summary of the key features and unique attributes 
of the model: 

[0011] 

• The expected costthat will be Incurred is calculated, 
for every component, as a function of all major con- 
tract variables. This feature gives the model unpar- 
alleled flexibility along with the ability to rapidly and 
accurately evaluate a greater number of scenarios 
and contractual permutations than was previously 
possible. 

• The model reduces uncertainty in the cost effective- 
ness and competitiveness of a bid by explicit calcu- 
lation of all expected costs at a component level. 
Continuous improvement in the data quality is 
achievedthrough regularly updating the infomnation 
utilised bythe model to incorporate feedback during 
the contract and the latest available cost and relia- 
bility data. This facility allows the model to make in- 
creasingly accurate bids as the data iterates to- 
wards its true value. 

• All costs and revenues calculated within the model 
are fully integrated with the model's financial anal- 
ysis and output sections. This feature allows the Im- 
mediate assessment of the attractiveness of any bid 
proposition and Identifies areas of concern such as 
periods of restrictive cash flow. The financial section 
of the model includes tools for; comparing leasing 
to purchasing of stock, investigating the effects of 
changing mark-ups on costs, fluctuations in eco- 
nomic variables such as exchange rates and inter- 
est rates etc. 

• Leanerandsmarterstockprovisioning is made pos- 
sible by identifying which components are expected 
to fail and calculating the mean level of spares de- 
mand for each component. Statistical modelling 
techniques are then employed to recommend stock 
levels for each component such that demand for 
spares Is met to a specified level of confidence. 

• The model also identifies, e.g. by share of compo- 
nent value, OEM organisations that should be con- 
sidered for strategic alliances in producing a com- 
petitive bid for the contract. The model incorporates 
the ability to immediately assess the full implica- 
tions of any proposed strategic alliance on the com- 
petitiveness of the bid and the financial perform- 
ance of the contract 

[0012] The current version of the method of the Inven- 
tion is seen as one module of a total support bid-mod- 
elling tool capable of producing a quote, tailored to spe- 
cific customer requirements, In a variety of fonnats, 
based on a complete bottom up analysis of costs. 



[0013] Full utilisation of web technology to rapidly 
transfer data between the customer, the method of the 
invention and its management team is a development 
of this concept, which is cun^ently being woriced on. 
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Claims 

1. A method of aircraft maintenance including the 
10 steps of analysing predicted and empirical reliability 
data for a particular aircraft and components under 
consideration and analysing usage data of the air- 
craft and combining the said analysed data with an- 
alysed data from other aircraft In the fleet in order 
IS to predict stock levels of components to be held. 



25 



30 



35 



40 



45 



SO 



EP1 162 557 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



ApplleMlofi NumtMr 

EP 00 30 4858 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy 



Cnaoon of document wlih mdlcaton, where apprepilate, 
ol lelBvant pa aa ao es 



Relevant 
todalm 



CUkSSIFICATION OP THE 
*PH.C*T10N (lntCI.7) 



HANSEN W A ET AL: "Reliability, 
availability, and maintainability expert 
system (RAHES)' 

ANNUAL RELIABILITY AND MAINTAINABILITY 
SYMPOSIUM. 1992 PROCEEDINGS (CAT. 
N0.92CH3108-8), LAS VE6AS, NV, USA, 21-23 
JAN. 1992, 

pages 478-482, XP000273448 
1992, New York, NY, USA, IEEE, USA 
ISBN: 0-7803-0521-3 

* page 478, column 2, line 18 - page 479, 
column 1, line 38 * 

WEIMIN YANG ET AL: "Simulation of 
coraraerclal -aircraft reliability" 
ANNUAL RELIABILITY AND MAINTAINABILITY 
SYMPOSIUM. 1991 PROCEEDINGS (CAT. 
N0.91CH2966-0), ORLANDO, FL, USA, 29-31 
JAN. 1991, 
pages 112-119, XP002153029 

1991. New York, NY, USA, IEEE, USA 
ISBN: 0-87942-661-6 

* page 112, column 1, line 1 - page 113, 
column 2. line 4 * 

SHERRIEB H ET AL: "RAN in conceptual 
aircraft design" 

C(WBINED PROCEEDINGS OF THE 1990 AND 1991 
LEESBUR6 WORKSHOPS ON RELIABILITY AND 
MAINTAINABILITY COMPUTER-AIDED ENGINEERING 
IN CONCURRENT ENGINEERING, LEESBURG, VA & 
ELLICOTT CITY, MD, USA, 9-11 OCT. 1990 & 
30 SEPT. -3 OCT. 1991, 
pages 245-254. XP002153030 

1992, New York, NY, USA, IEEE, USA 

* page 246, column 2. line 7 - line 44 * 



The pi««ent search report hae been drawn up (or all dakns 



G06F 17/60 



TECHMCAL FCLOS 
SEADCHeO m-ClT) 



G06F 



THE HAGUE 



16 November 2000 



Pedersen, N 



CATEGORY OF CrTED DOCUMENTS 

x:pamcukuiy relevam IT takan alone 

Y : partkMholy relmtant V oomblmd with anothw 

docum«nt o( thft same cBCfiQO^ 
A : technologlcaf badvound 



T:tfwofyor prtwtota undoriylng ttw inwiillon 
E : oarttor p^aM documant. but puMsiwd on, or 

alertha tHnodate 
D : dacumanl eiad hi tha appUoaUon 
L : doGumenl clod for other laasons 



P : mtaniBciBla document 



&: mamber otihasama patent family, oorraaponding 
documant 



